ISSN 2310-6697 

otoiser — open transactions on independent scientific-engineering research 



FUNKTECHNIKPLUS # JOURNAL 



Theorie — Experimentation — Metrologie — Logiciel — Applications 

ISSUE 3 - FRIDAY 31 JANUARY 2014 - YEAR 1 
REPRINT 



Near-field Method in Solving Inverse 
Scattering Problem of Spherical 
Electromagnetic Waves in Chiral Media 



Nikolaos M. Berketis 




About 



This small European Journal is 

In the Defense of Honesty in Science and Ethics in Engineering 

Publisher - otoiser — open transactions on independent scien- 
tific engineering research, www. otoiser . org - info@otoiser . org, 
HauptstraBe 52, 2831 Scheiblingkirchen, Austria 

Language - We declare the origins of the Journal by using 
in the cover page English, German and French, as well as, a 
Hellenic vignette. However, since we recognize the dominance 
of US English in the technical literature, we adopted it as the 
Journal's language, although it is not our native language. 

Focus - We consider Radio-FUNK, which still creates a vivid 
impression of the untouchable, and its Technology— TECHN IK, 
from an Advanced-PLUS point of view, Plus-PLUS Telecommunica- 
tions Engineering, Electrical Engineering and Computer Sci- 
ence, that is, we dynamically focus at any related scien- 
tific-engineering research regarding Theorie, Experimenta- 
tion, Metrologie, Logiciel, ou Applications. 

Scope - We emphasize this scope broadness by extending the 
title of the Journal with a Doppelkreuz-Zeichen # which we 
use as a placeholder for substitution of our Editorial Team 
disciplines: # Telecommunications etc. as above, or # High 
Voltage, # Software Engineering, # Simulation etc. as below. 

Frequency - We publish 3 issues per year: on 31st of Janu- 
ary, on 31st of May, and on 30th of September, as well as, an 
extra issue every 3 papers and a volume every 2 years. 

Editions - We increase the edition number of an issue only 
when is needed to reform one or more of its papers — thus to 
increase their version numbers — but we keep unchanged its 1st 
edition date shown on its front page and we number its pages 
sequentially from 1. We count the editions of About separately. 

Format - We use a fixed-space font, hyphenation, justifica- 
tion, unfixed word spacing, and the uncommon for Journals A5 
(half A4) page size to achieve WYSIWYG printing and clear 
reading of 2 to 4 side-by-side pages on wide-screen displays 

Printing-on-Demand - We can email gratis PDFs at 300-4000 
dpi in booklet page scaling of either brochure or book type. 

Copyright - We publish under a Creative Commons Attribution, 
CC-BY 3.0 Unported or CC-BY 4.0 International, License only. 

Please download the latest About edition from 

about . f tpj . otoiser . org 



FUNKTECHNIKPLUS # JOURNAL 



e3-2 



ISSUE 7 - YEAR 2 



About 



Editorial Team 

# Electrical Engineering 

# High Voltage Engineering # Insulating Materials 
Professor Michael Danikas, mdanikas@ee.duth.gr 
EECE, Democritus University of Thrace, Greece 

# Electrical Machines # Renewable Energies # Electric Vehicles 
Assistant Professor Athanasios Karlis, akarlis@ee.duth.gr 
EECE, Democritus University of Thrace, Greece 

# Computer Science 

# Computer Engineering # Software Engineering # Cyber Security 
Professor Vasilis Katos, vkatos@bournemouth.ac.uk 

Head of Computer and Informatics Dept, Bournemouth Univ, UK 

# Internet Engineering # Learning Management Systems 
Lecturer Sotirios Kontogiannis, skontog@gmail.com 
Business Administration Dept, TEI, Western Macedonia, Greece 

# Hypercomputation # Fuzzy Computation # Digital Typography 
Dr. Apostolos Syropoulos, asyropoulos@yahoo.com 
BSc-Physics, MSc-Computer Science, PhD-Computer Science 
Independent Researcher, Xanthi, Greece 

# Telecommunications Engineering 

# Applied EM Electromagnetics # Applied Mathematics 
Dr. Nikolaos Berketis, nberketis@gmail.com 

BSc-Mathematics, MSc-Applied Maths, PhD-Applied Mathematics 
Independent Researcher, Athens, Greece 

# Antennas# Metrology# EM Software # Simulation# Virtual Labs 

# Applied EM # Education # FLOSS # Amateur Radio # Electronics 
Dr. Nikolitsa Yannopoulou, yin@arg . op4 . eu * 

Diploma Eng-EE, MEng- Telecom -EECE, PhD-Eng-Antennas-EECE 
Independent Researcher, Scheiblingkirchen, Austria 
Dr. Petros Zimourtopoulos, pez@arg . op4 . eu * 

BSc-Physics, MSc-Radio-Electronics, PhD-Antennas-EE 
Independent Researcher, Scheiblingkirchen, Austria 

# Copy & Layout Editing - Proof Reading - Issue & Web Management 

Technical Support 

Konstantinos Kondylis, kkondylis@gmail.com 
Diploma Eng-EECE, MEng-EECE, Doha, Qatar 
Christos Koutsos, ckoutsos@gmail.com 
Diploma Eng-EECE, MEng-EECE, Bratislava, Slovakia 



SUNDAY 31 MAY 2015 



e3-3 



FUNKTECHNIKPLUS # JOURNAL 




About 



Information for Authors 

This is a small, but independent, low profile Journal, in 
which we are all — Authors, Reviewers, Readers, and Editors — 
free at last to be Peers in Knowledge, without suffering from 
Journal roles or positions, Professional-Amateur-Academic sta- 
tuses, or established "impact factorizations", under the fol- 
lowing guiding principles: 

Authors - We know what Work means, we respect the Work of 
the Independent Researcher in Science and Engineering and we 
want to exhibit his Work. Thus, we decided to found this Free 
and Open Access Journal in which to publish this Work. Fur- 
thermore, as we care indeed for the Work of the technical au- 
thor — especially a young or a beginner one — we strongly sup- 
port the publication of his Work, as follows: 

0 We do not demand from the author to transfer his own copy- 
right to us. Instead, we only consider papers resulting from 
original research work only, and only if the author can as- 
sure us that he owns the copyright of his own paper as well 
as that he submits to the Journal either an original copy or 
a revised version of his own paper, for possible publica- 
tion after review — or even for immediate republication, if 
this paper has already been published after review — but, in 
any case under a Creative Commons Attribution, CC-BY 3 Un- 
ported or CC-BY 4 International, License, only. 

1 We encourage the author to submit his own paper written 
just in Basic English plus Technical Terminology. 

2 We encourage the author even to select a pen name, which 
may drop it at any time to reveal his identity. 

3 We encourage the author to submit an accepted for publica- 
tion paper, which he was forced to decline that publicati- 
on because it would be based on a review with unacceptable 
evaluation or derogatory comments. 

4 We encourage the author to submit any paper that was rejected 
after a poor, impotent, inadequate, unreasonable, irrespon- 
sible, incompetent, or "just ticking" review. 

5 We encourage the author to submit an unreviewed paper of his 
own that he uploaded on some Open Access repository. 

6 We encourage the author to upload his published papers in 
our Journal to a truly Free Open repository like viXra.org. 

7 We provide the author with a decent, express, peer review 
process, of up to just 4 weeks, by at least 2, either 
anonymous or onymous, reviewers. 



FUNKTECHNIKPLUS # JOURNAL 



e3-4 



ISSUE 7 - YEAR 2 




About 



8 We provide the author with the option to choose from 2 re- 
view processes: the traditional, anonymous, close one, as 
well as, a contemporary, onymous, open review in our pri- 
vate mailing list for Peer Discussion. 

9 Under the Clause 0 : We immediately accept for publication 
a research paper directly resulting from a Project Report, 
or a Diploma-, Master-, or PhD-thesis, which already the 
author has successfully defended before a committee of ex- 
perts, as long as he can mention 2 members of this commit- 
tee who approved his Work. 

10 Under the Clause 0 : We immediately accept for publication 
any paper which is not Openly Accessible on the Internet. 

11 We immediately publish online a paper, as soon as it is 
accepted for publication in the Journal. 

12 We quickly publish an extra issue — that is in excess of 
the 3 issues we publish a year — as soon as the review 
process of 3 papers is completed. 

Reviewers - Every peer may voluntarily become a reviewer 
of the Journal in his skillfulness for as long as he wishes. 
In addition, each author of the Journal must review one paper 
in his expertness for each one of his published papers. 

Readers - Every reader is a potential post - reviewer : we 
welcome comments and post-reviews in our private mailing list 
for Peer Discussion. 

Editors - Every editor owns a PhD degree — to objectively 
prove that he really has the working experience of passing 
through the dominant publishing system. An editor pre-reviews 
a paper in order to check its compliance to our guiding prin- 
ciples and to select the appropriate reviewers of it. We can 
accept for consideration papers only in the expertise areas 
currently shown in the Editorial Team page, above. However, 
since we are very willing to amplify and extend the Scope of 
the Journal, we welcome the volunteer expert, in any related 
subject, who wants to join the Editorial Team as long as he 
unreservedly accepts our guiding principles. 

Electronic Publishing 

We regularly use the Free Libre Open Source Software Libre 
Office with the Free Liberation Mono font and the Freewares 
PDFCreator and PDF-Xchange Viewer. We also use, with some ba- 
sic html code of ours: the Free Open Source Software Open 

Journal System OJS by the Public Knowledge Project PKP in- 
stalled in our website, and the Free Open Digital Library of 



SUNDAY 31 MAY 2015 



e3-5 



FUNKTECHNIKPLUS # JOURNAL 



About 



Internet Archive website, where we upload Issues, Paper re- 
prints, About documents, and Volumes, in both portrait and 
landscape orientations, for exceptionally clear online read- 
ing with the Free Open Source BookReader. 

Submissions 

We can consider only papers submitted in a format which is 
fully compatible with LibreOffice — preferably in odt format. 

Legal Notice - It is taken for granted that the submitter- 
correspondent author accepts, without any reservation, the 
totality of our publication conditions as they are analyti- 
cally detailed here, in this About, as well as, that he also 
carries, in the case of a paper by multiple authors, the in- 
dependent will of each one of his coauthors to unreservedly 
accept all the aforementioned conditions for their paper. 

Internet Addresses 

Internet Publishing Website : ftpj.otoiser.org 

Internet Archive Digital Library : archive . org/details/@f tpj 

Printing -on -Demand : pod@ftpj.otoiser.org 

Principal Contact : principal-contact@ftpj.otoiser.org 

Technical Support : technical-support@ftpj.otoiser.org 

Editorial Team-Technical Support List : etts.ftpj.otoiser.org 

Peer Discussion List : peers.ftpj.otoiser.org 

Submissions : sub@ftpj.otoiser.org 

Sample Paper Template : template.ftpj.otoiser.org 



ARG NfP Aol 

Antennas Research Group 
Not-for-Profit Association of Individuals * 
arg.op4.eu - arg@op4.eu 

Hauptstrade 52, 2831 Scheiblingkirchen, Austria 

* The Constitution of Greece, Article: 12(3) 2008: 

www. hellenicparliament . gr/en/Vouli-ton-Ellinon/To-Politevma 

* The Hellenic Supreme Court of Civil and Penal Law: 
www.areiospagos.gr/en/ - Court Rulings : Civil | A1 | 511 | 2008 

This document is licensed under a Creative Commons Attribution 4.0 
International License - https : //creativecommons . orq/licenses/by/4 . 0/ 



FUNKTECHNIKPLUS # JOURNAL 



e3-6 



ISSUE 7 - YEAR 2 



APPLIED ELECTROMAGNETICS 



THEORIE 



Near-field Method in Solving Inverse 
Scattering Problem of Spherical 
Electromagnetic Waves in Chiral media 

Nikolaos M. Berketis * 

Independent Researcher, Athens, Greece 

Abstract 



We have developed two methods to study an inverse 
scattering problem of electromagnetic waves in chiral media, 
for a spherical scatterer perfect conductor. The first 
called Far-field inverse problem was described analytical in 
our previous work. The second called Near-field method is 
given in detail in the present paper. It is a geometrical 
method based on the scattered fields. Using Near-field 
experiments, in which the scattered field is measured at the 
source, we solve the corresponding inverse scattering 
problem that is to determine the coordinates of the center 
and the radius of the spherical scatterer. 



Introduction 

We study an inverse scat- 
tering problem of electromag- 
netic waves with time harmo- 
nic dependence applying the 
method of Near-field [ 1 ] - [ 3 ] . 
Spherical electromagnetic wa- 
ves generated by a point 
source incident on a spheri- 
cal scatterer perfect condu- 
ctor in a chiral media. 

Knowing the incident and 
scattered wave fields in the 
inverse problem we are 
looking for the coordinates 
of the sphere center and its 
radius . 

The corresponding problem 
is solved by geometrical me- 
thods using either energy 
scattering cross-section, or 



the scattered fields. In the 
first case we refer to the 
inverse Far-field problem [4] 
and in the second case to a 
Near-field inverse problem. 

The chiral materials exhi- 
bit the phenomenon of optical 
activity i.e., the phenomenon 
that in which the plane of 
polarizations of linearly po- 
larized light is rotated as 
the light passes through an 
optically active medium. 

The chirality is a proper- 
ty which is often found in 
nature and reflects the asym- 
metry in the spatial inver- 
sion. An electromagnetic wave 
into a chiral media is analy- 
zed in a counter-clockwise 
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( LCP ) and a clockwise (RCP) 
Beltrami field. Using vector 
spherical harmonic functions 
and appropriate expansions of 
the Beltrami fields and by 
extension the development of 
spherical electromagnetic wa- 
ves in spherical wave fun- 
ctions, we calculate the 
exact solution of the scat- 
tering problem for a spheri- 
cal perfect conductor in chi- 
ral media, and the correspon- 
ding back scattering [3] -[4]. 

In the inverse problem we 
calculate the scattered Near 
-field, when the source is in 
position r = r 0 . A similar pro- 
blem for achiral materials 
has been studied in the works 
[ 1 ], [ 2 ]. 

Statement of the problem 

Consider a point source at 
the position r 0 that produces 
spherical electromagnetic wa- 
ves in a chiral media near a 
scatterer Q” , perfect con- 
ductor, i.e. the surface of 
the boundary condition is sa- 
tisfied 

n x (E inc (r) + E sc (r)) = 0 

( 1 ) 

r = a 

We consider that the exte- 
rior Q + = R 3 /Q of the scat- 
terer is homogeneous chiral 
media with fixed chirality 
(3, dielectric constant s and 
magnetic permeability p . 



A spherical incident ele- 
ctromagnetic wave (E“ c (r), 

H^ nc (r)) with time harmonic de- 
pendence in accordance with 
the Bohren transformation, 

analyzed in spherical Beltra- 
mi fields Q^(r) and Q^(r) 
as follows : 

E;; c (r) = Q^(r) + Qj^(r) 

, H ^(r) = i-(Q^(r)-Q^(r)) (2) 

where q = (p/s) 1/2 is the in- 
trinsic impedance of the chi- 
ral medium. The Beltrami 

fields satisfy the equations, 

[5], [6], 



JVxQ 4re (r) = y,Q 4r0 (r) 
[ Vx Q/?,r B ( r ) = -y fi Qi., re (r) 


(3) 


where y L , y R are wave 


numbers 


for Beltrami fields 
given by, 


and are 


k _ k 


(4) 


Yl ~ l - fcp ' Vr ~ l + fcp 



With /c = «(ep) 1/2 , co being the 
angular frequency. The indi- 
ces L and R denote the LCP 
and RCP fields respectively. 
The spherical incident Bel- 
trami fields with suitable 
normalization have the form, 
as defined in the following 
works: [4] (issue 2, p. 9, 

relations (4), (5)), and [3]. 
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If Q^(r) and Q^r(r) are 

Beltrami fields corresponding 
via transformation to Bohren 
in Ef c and H“ c , then the 

scattering problem for the 
perfect conductor can be 
formulated in the following 
way: be found Q™(r), Q™(r) , 
which belong to the space 
C 1 (Q + ) n C(Q + ) , such that: 



(E* c (r) , H* c (r)) . The scattered 
electric field will be depen- 
ded on the polarizations p L , 
p R , (see [4] (issue 2, p. 
9, relation (6)) and will have 
the decomposition 

Er B c (r|p L ,P R ) = Q^ e (r|p L ,p R ) + 

sc . . ( 6 ) 

+ Q R ,r 0 (r I P„ P R ) 




(iii) : 



r x Q“,(r) + iQ£. (r) = o( i) 
f X Q“.(r) - iQ~,(r) = o(i) 

r -a oo 



The limits on radiation 
conditions (5(iii)), are ta- 
ken uniformly in all dire- 
ctions reS 2 , where S 2 is 

the unit sphere in M 3 and n 
is the outward normal unit 
vector perpendicular to the 
surface on the scatterer. 

The incident electromagne- 
tic wave (E“ c (r), H“ c (r)) on the 

scatterer generates the 

corresponding scattered field 



Where Q“ e (r|p t , p„) and 

Q“ r . O' I P^ P R ) are the corre- 
sponding scattered Beltrami 
fields which have the fol- 
lowing behavior, when r oo , 
[5], [7], 

Q“r.(Mp t , P R ) = h 9 (Y A ry 

. . . 1 ( ? ) 
•g*,r e (r|P^P R ) + 0(pr) 

with A = L, R . The functions 
g L and g R are the LCP and 
RCP far-field patterns respe- 
ctively, which are defined by 
the following relationship 
[7], 

g*,r 0 (f |P„P R ) = 

Jnx[y^VxE; c (r'|p L , p R ) - (8) 

S 

- TO„y 2 E* c (r' | p„ p R )e-^ r r ds(n 
f-1, A = L 

with m A =\ , y 2 = y L y R . 

{ 1 ,A = R 
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Near-field Inverse problem 

Using the exact solution 
found in the paper [4] (issue 
2, pp. 10-12) and considering 
appropriate asymptotic forms 
of the Bessel and Hankel 
functions in low frequencies, 

i.e. \y A a\ « 1 , calculate asym- 
ptotic expressions of the 
coefficients a L n , a* , b L n and 
b R . Specifically we have [3], 



a L i + P k 

n 2i^(2n + 1) 
y L a -+ 0 

p i 



(y L a ) z 



( 9 ) 



(1 - (3/c) n + 2 , , 2 

E7i(YL a ) 



2 < (i + m 



or 



bt 



i (1 + (3/c) n + 2 
2< (1 - p/c) n + 1 



(y R a) 2 " 



1 



y R a -+ 0 



(10) 



b R n 



i(l-p/c) 
2^(2 n + 1) 



(WO 



2/7 + 1 



Where 

<■„ = l-3-5 - (2n - 1) = (2n)!/(2"n!) 



In the inverse problem we 
calculate the scattered Near- 
field in the source r = r 0 . By 
the relation (21), in work 
[4], with r = r 0 and for LCP 
incidence, we obtain [3], 



E r„ c ( r 0 l PJ = 



=z 



n ( n + !) d l. 



B n a n {(h n {y L r g )x + h n {y L r B ) ip) + i{h n {y L r B )x - h n {y L r B ) ip)} + (11) 



00 n( n + 1) - 

+ Z 2 e n a n{(^n(yA)x - h n {y R r B ) ip) + i (~h n {y R r B )x - h n (y R r B ) ip) } 



Using the asymptotic rela- with y A r B -> 0 , A = L, R and the 



tions : 




series. 


ft n (>V a ) 


Zn 




00 


h e (Y A r B ) 
fy,( Ya O 


(y A r B y 

~nZ n 


< 

(12) 


^.2/7 + 1 

n-1 

CO 

V 1 2 2/7 + 


h B (y A r Q ) 


(Y A rJ + 1 


2, n r 

n=l 


h n (y A a ) ~ 


"Zn 




oo 


i(y,a) n + 2 


X (2n + 1 



(1 - r 2 ) 3 

, + 1 t(3t 2 - r 4 ) 

(1 - r 2 ) 2 



(13) 



(14) 
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n{2n + 1 )t 2 



hl t(3t 2 + r 4 ) 

= (1 - T 2 ) 3 



y 2n + 1 _^ 2 n + 1 
n 



i-2\ , o-i-2 



T - 1 

and because of the relation- 
ships : 



(15) 


E "r e ( r o 1 Pa) ~ 










(1 - gj 4 (3/c) t 5 


(20) 




2(y,a) 2 (1 - r 2 ) 3 


(16) 


y A a 0, A = L, R 




■T 2 )] 


Choose a Cartesian coordi- 


nate system Oxipz, and 


five 



1 - V k 
Y l 1 + P*c 



, 0 < r < 1 , 



where r = a/r 0 , we obtain from 
(11) [3], 



Er 0 c (r 0 I Pj ~ 

(1 + P/C) r B 



2 (y L ay (l-iy 



Pl 



(17) 



point-source locations, name- 
ly 0(0, 0, 0) , A 1 (l, 0, 0) , A 2 (0, 

1, 0) , and /A 4 (0, 0, 21) , which 
are at (unknown) distances 
r 8 , r 4 , r 2 , r 3 and r 4 , respe- 
ctively from the sphere's 
center K. The parameter 1 is 
a chosen fixed length. The 
sizes of the resulting five 

measurements |E^ r (rv | p 4 )| are 



M < 21 > 



Therefore the measure of the 
scattered field E* c (r 0 | p L ) is 

|e sc (r | 6 )| ~ ^ + ll 

| r ^° IPJ| 2 (y L a) 2 (1-t 2 ) 3 (18) 

y L a 0 



Similarly for the RCP inci- 
dence, we have that 



Er> 0 I P R )| 



(1 - (3/c) 



2(y*a) ( 1 -t) ( 19 ) 
y R a -a 0 



Finally, based on the rela- 
tionships (18) and (19), we 
conclude that 



and 




Where j = 0, 1, 2, 3, 4 . Therefo- 
re we have the following five 
measurements 






b 5 Pj 

(p- - by 



(23) 



with p J >h 2 >0. Applying the 

law of cosines in triangle 
K0A 4 and using that 

rj=Pjl (24) 
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we obtain 



P 4 = 2 + 2 P3-Pg ( 25 ) 

Because of (24), we take 

p] - 3 p)b A + 3 p)b s - 

p ( 26 ) 

-b 12 -b 5 ^- = Q 
Mj 



a is too small so that a «: 1 , 
then the relationship (23) 
shows [3], 




so we have the following sy- 
stem of equations 



Thus in equation (26) iden- 
tified the p , with j = 0, 1, 2, 

3, 4 . If the radius a of the 
sphere is known, solve the where j = 0, 1, 2, 3, 4 . 
system of six algebraic equa- 
tions (25) and (26). Also if 
you consider that the radius 



p 4 = 2 + 2p 3 - p G 
p 5 1 M 1 - b 5 = 0 



(28) 
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The thirteen-leaf is a symbol for a life tree leaf. 

"Herakles and Kerberos", ca. 530-500 BC, 
by Paseas, the Kerberos Painter, 
Museum of Fine Arts, Boston. 

www. mfa . org/collect ion s/object /plate -153852 

The simple meandros is a symbol for eternal immortality. 

"Warrior with a phiale", ca. 480-460 BC, 

by Berliner Maler, 

Museo Archeologico Regionale "Antonio Salinas" di Palermo, 
commons .wikimedia . org/wiki/File : War rior_MAR_Palermo_N 12134. j pg 



